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Effect of metoprolol on chest pain in acute myocardial
infarction
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SUMMARY A total of 1395 patients aged 40 to 74 years were included in a double blind trial with the
beta, selective blocker metoprolol in suspected acute myocardial infarction. Metoprolol was given
intravenously (15 mg) as soon as possible after admission to hospital followed by 200 mg daily for
three months. A placebo was given in the same manner. The severity of chest pain in the acute phase
was calculated by recording the number of injections of analgesics given and the time from the start
of blind treatment to the time when the last analgesic was given (duration of pain). The patients
receiving metoprolol were given a lower mean number of injections of analgesics during the first four
days and after randomisation than those receiving a placebo. The estimated duration of pain was
shorter in the metoprolol group than in the placebo group. These effects were related to the initial
heart rate, the initial systolic blood pressure, and the final site of the infarct as determined elec-
trocardiographically. Thus metoprolol given in the acute phase of suspected or definite myocardial
infarction appears to reduce the severity of chest pain.

Several studies have convincingly shown that beta
blockade can relieve pain in angina pectoris.'-3 In a
previous study, performed in Gothenburg, intraven-
ous administration of beta receptor blocking agents
shortly after the onset of a myocardial infarction
resulted in the relief of chest pain.4 Similar results
have since been reported by other groups.5-7 The
number of patients included in these studies was
small, and the treatment was given only to selected
patients.
One of the secondary aims of the Gothenburg

metoprolol trial was to evaluate the clinical course in
the acute phase of myocardial infarction. The purpose
of this study was to determine the effect of the betal
selective blocker metoprolol on the need for analgesics
and the estimated duration of pain in patients with a
suspected or definite myocardial infarction.
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Patients and methods

STUDY POPULATION
A detailed description of the study design and mortal-
ity at three months has been reported.8 A total of 1395
patients participated in the study. With few excep-
tions, all patients admitted to the three participating
hospitals were evaluated for participation. The inclu-
sion criteria were: (a) age range 40-74 years; (b) chest
pain of acute onset and of -30 min duration or elec-
trocardiographic signs of acute myocardial infarction
with estimated onset of infarction within the previous
48 h; and (c) residence in the catchment areas. The
cardiovascular exclusion criteria were a heart rate <45
beats/min, a systolic blood pressure < 100 mm Hg, a
PR interval ¢0-24 s, and signs of severe congestive
heart failure (auscultatory pulmonary rales >10 cm
above the lung bases). There were some further exclu-
sion criteria which have been reported elsewhere.8
Metoprolol 15 mg was given intravenously (5 mg as a
rapid intravenous injection with two further doses at
two minute intervals) as soon as possible after admis-
sion to hospital followed by 50 mg orally four times a
day (first tablet 15 min after the intravenous dose) for
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two days and thereafter 100 mg twice daily for three
months. A placebo was given in the same way. The
treatment regimens were standardised and were the
same at the three participating hospitals.

CLASSIFICATION OF MYOCARDIAL INFARCTION
The following criteria were used for the classification
of definite and possible myocardial infarction. For
definite myocardial infarction, two of the following
three criteria had to be fulfilled: (a) chest pain of at
least 15 minutes' duration; (b) Q wave or ST segment
elevation followed by T wave inversion in at least two
leads in a 12 lead standard electrocardiogram, and (c)
two values for serum aspartate aminotransferase activ-
ity above the reference limit (0.7 ,ukat/l (1 kat = 1

mol/s)) in combination with lower or normal values
for serum alanine aminotransferase activity. Elec-
trocardiographic changes in only one lead or only one

raised aspartate aminotransferase value in combina-
tion with at least one value for heat stable lactate
dehydrogenase activity above a discriminatory border
(4-3 ,ukat/l) were also regarded as evidence for definite
myocardial infarction. Possible myocardial infarction
was defined by the presence of chest pain together
with one of the following criteria: (a) T wave inver-
sion; (b) one raised value for aspartate aminotransfer-
ase in combination with lower or normal values for
alanine aminotransferase; (c) one or more raised value
for heat stable lactate dehydrogenase activity; and (d)
Q wave or ST segment elevation followed by T wave
inversion in only one lead.

INFARCT SITE
The patients with definite myocardial infarction were
analysed for the site of infarct. The criteria for
anterior myocardial infarction were the Q wave
appearance or ST-T wave changes in leads V1-V5 in a
12 lead standard electrocardiogram. The criteria for
inferior myocardial infarction were: the criteria for
definite myocardial infarction together with the Q
wave appearance or ST-T wave changes in leads II,
III, or aVF. Patients with both anterior and inferior
myocardial infarction, lateral myocardial infarction
(electrocardiographic changes in leads I, aVL, V6,
V7), and without electrocardiographic changes indi-
cating myocardial infarction were classified as "other"
myocardial infarction. Aspartate aminotransferase,
alanine aminotransferase, and lactate dehydrogenase
activity were determined according to the Scandina-
vian Committee on Enzymes.9 The heat labile isoen-
zymes of lactate dehydrogenase were inactivated
according to Brydon and Smith.1I

NUMBER OF ANALGESIC INJECTIONS
The -number of analgesic injections, consisting of
morphine chloride 5 mg, pethidine chloride 50 mg,

and pentazocine 30 mg, given during the first four
days after randomisation was recorded. Morphine 5
mg intravenously or corresponding doses of other
analgesics were given intermittently for the relief of
pain. Guidelines specified in a manual of operation for
the treatment of various complications meant that
patients were routinely given 5 mg morphine
intravenously for pain and only in exceptional cases
(intolerance to morphine) was pethidine or pen-
tazocine given.
The number of analgesic injections was registered

in 1310 patients (95%). Information was missing in
the remaining 85 patients (metoprolol 46, placebo 39).

DURATION OF PAIN
The duration of pain was defined as the time from the
start of double blind treatment to the time when the
last analgesic dose was given. If the time interval bet-
ween two doses exceeded 36 hours the duration of
pain was estimated until the time when the first of
these two injections was given. Duration of pain was
calculated in 883 patients (63%). Data were missing in
249 patients receiving metoprolol and in 263 receiving
a placebo. The two main reasons for the missing data
were: (a) when no analgesic was given after admission
to the coronary care unit the information on the dura-
tion of pain was mostly inadequate; and (b) in several
patients the time when analgesics were given was not
known.

This study was planned before the metoprolol
study started, and at that time the need for analgesics
was chosen as a secondary endpoint. Time from the
onset of pain and inclusion in the trial to the time
when the last analgesic dose was given was chosen as a

Table 1 Mean delay + SEM (h) from the onset ofpain to the
start of treatment in all patients and different subgroups.

Group Treatment group

Placebo Metoprolol Probability
All patients 11-2+0-4 11-1±0-3
Delay time
s4 h 3-2±0-1 3-2±0-1
-12 h 60-0+-1 6O0-0-1
>12 h 23-7+0-8 21-3+0-6 0-011*

Initial heart rate
<60 beats/min 11-0±08 10-5±0-8
60-80 beats/min 10-7+0-5 10-7±0-5
>80 beats/min 12-7+1-0 12-5+0-8

Initial systolic blood
pressure
<120 mm Hg 10.8±1-0 12-6-11
120-160 mm Hg 11-3+0-5 110-0-4
>160 mm Hg 11-1±1-1 10-8±0-7

Anterior myocardial
infarction 11-1±0-8 12-0±0-8

Inferior myocardial
infarction 9-4+0-7 10-5±0-7

*In the remaining patients p>02.

439



Table 2 Mean number ( ± SEM) ofanalgesic injections given in different subgroups. Figures in parentheses are numbers ofpatients.

Characteristics Treatment groups

Placebo Metoprolol Probability

All patients 1-8±0-1 (658) 1-2±0-1 (652) <0-001
Age (y)

40-64 1-8±0-2 (429) 1-4±0-1 (433) 0-002
65-74 1-8±0-2 (229) 1-2±0-2 (219) 0-020

Previous history
Myocardial infarction

Yes 1-3±0-2 (149) 1-1±0-2 (141) >0-2
No 19±0-1 (509) 1-2±0-1 (511) <0-001

Angina pectoris (5*)
Yes 1-7±0-2 (225) 1-4+0-2 (235) 0-184
No 1-8±0-2 (432) 1-00-1 (413) <0-001

Hypertension
Yes 2-2±0-2 (192) 1-4±0-2 (194) 0-026
No 1-6±0-1 (466) 1-1±0-1 (458) 0001

Treatment before admission
Beta blockers
Yes 2-1±0-3 (169) 16±0-3 (164) >0-2
No 1-7±0-1 (489) 10-0-1 (488) <0-001

Digitalis (5*)
Yes 1-9±0-4 (84) 1-0±0-2 (79) 0-048
No 1-7±0-1 (569) 1-2±0-1 (573) <0-001

Diuretics (4*)
Yes 1-5±0-3 (121) 1-1±0-3 (121) >0 2
No 1-8±0-1 (535) 1-20-1 (529) <0-001

Final infarct classification
Definite 2-6±0-2 (389) 1-7±0-2 (376) <0-001
Possible 0-6±0-2 (77) 0.7±0.2 (77) >02
None 0-50-1 (192) 0-4±0-1 (199) >0-2

*No of patients for whom data are missing.

secondary endpoint after the first 300 patients had
been included and was thereafter recorded prospec-
tively.

STATISTICAL METHODS
Fisher's permutation test was used. The set of poss-
ible hypotheses in this study were not all pre-
constructed in the protocol. Because of the large
number of p values calculated here, the problem of
multiple significance tests must be taken into account.
A formal significance level is therefore not stated. A
crude rule is that the number of hypotheses tested
multiplied by the significance level gives an idea of the
possible number of falsely declared significances. A
reasonable, but informal way, is to take into account
other supporting or contradictory results for the final
judgment. A two tail test was used. Results are
expressed as mean ±+SEM.

Results

Of the 1395 patients, 809 developed definite myocar-
dial infarction, 162 possible myocardial infarction,
while 424 patients did not develop myocardial infarc-
tion during the first three days after randomisation. A
total of 346 patients had anterior myocardial infarc-
tion and 302 inferior myocardial infarction. The mean
times from the onset of pain to blind treatment in the
different groups are shown in Table 1.

ALL PATIENTS
In the 1310 patients for whom the number of
analgesic injections given was recorded a lower mean
number (±+SEM) of doses was given during the first
four days after randomisation in the group treated
with metoprolol (1 2 ± 0- 1 analgesic injections) than in
those given a placebo (1.8+±01; p<0-001; Table 2,
Fig. 1).

During the time from admission to hospital to the
start of blind treatment a similar number of analgesic
injections was given to both groups (metoprolol
l*1+0 l, placebo 1 2+0-1; p>0.2). Among those who
were given - 10 mg morphine before randomisation
the mean number (+ SEM) of analgesic injections
after randomisation was 2-4+0-2 in the metoprolol
group compared with 3.2+0-3 in the placebo group
(p= 0.034). A similar reduction in the duration of pain
after randomisation was seen (metoprolol 8-9+0-8 h,
placebo 13 4+ 1*0 h; p<0-001; Fig. 2). The total dura-
tion of pain (the time from the onset of pain to the
time when the last analgesic dose was given) was also
shorter in the metoprolol group than in the placebo
group (p<0002).

SUBGROUPS
Delay from onset ofpain to inclusion-A similar reduc-
tion in the need for analgesics after metoprolol treat-
ment was found in patients included > 12 h and < 12 h
after the onset of pain (Fig. 1). The reduction in the
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Fig. 1 (a) Number ofanalgesic injections given during thefirstfour days after inclusion in
the study and (b) the duration ofpain in all patients and in subgroups in relation to the time
from the onset ofpain to the start oftreatment: >12 h, more than 12 hours after the onset of
pain, 612 h, within 12 hours; G4 h, withinfour hours. Data on timefrom the onset ofpain
to blind injection were missing in IS patients. * p<O-OS, ** p<O O1, *** p<O OO1.

duration of pain was also similar in patients in whom
treatment was started > 12 h and in those treated - 12
h and -4 h after the onset of pain (Fig. 1).
Heart rate before inclusion-As can be seen in Fig. 2

the difference in the number of analgesics given as
well as the duration of pain seemed to be restricted to
patients with an initial heart rate >60 beats/min. In
patients with an initial heart rate between 60 and 80
beats/min the mean number of analgesic injections in
the metoprolol group was 1-2+0-1 compared with
1-8±0-2 in the placebo group (p=0-005). In those
with an initial heart rate >80 beats/min the mean
number of analgesics given in the metoprolol group
was 1-2+0-2 compared with 2-2+0-3 in the placebo
group (p--0-001). There was not, however, any ten-

dency to a negative effect of metoprolol in patients
with a slow heart rate.

Systolic blood pressure before inclusion-As shown in
Fig. 2, the effect on chest pain was found only in
patients with initial systolic blood pressures > 120 mm
Hg. Among those with initial systolic blood pressures
between 120 and 160 mm Hg, the mean number of
analgesics in the metoprolol group was 1-1±0-2 com-
pared with 1-5 0-+1 in the placebo group (p= 0-007).
In those with initial systolic blood pressures >160
mm Hg, the mean number of analgesics given in the
metoprolol group was 1-2+0-2 compared with
2-8±0-4 in the placebo group (p<0-001), and in those
with systolic pressures < 120 mmHg there was a
slight tendency to longer duration of pain in the
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metoprolol group but no difference with respect to the
number of analgesic injections given.

Electrocardiographically determined infarct size-The
difference in the number of analgesics given as well as

the duration of pain was most pronounced in patients
with anterior myocardial infarction and other
myocardial infarction but less pronounced in inferior
myocardial infarction (Fig. 2). The mean number of

Fig. 2 Duration ofpain and the number of analgesic
injections given (a) in relation to heart rate immediately
before the start of treatment; (b) in relation to systolic
blood pressure immediately before the start of treatment;
and (c) in relation to the electrocardiographically
determined site of infarction in patients with definite
myocardial infarction. * p<005, ** p<001,
***p<0-OOI.

analgesic injections given in anterior myocardial
infarction was 1-7+0-2 for the metoprolol group and
3-1+0-3 for the placebo group (p<0.001), in other
myocardial infarction the mean value for each group

was 0-9±0-2 (metoprolol) and 1-9±0-4 (placebo)
(p=0-035); and in inferior myocardial infarction, the
mean value for the metoprolol group was 2-0+0-3
compared with 2-6+0-3 in the placebo group (p>0.2).

Table 3 Mean number ( ±SEM) ofanalgesic injections given in different subgroups. Figures in parentheses are numbers ofpatients

Characteristics before start of treatment Treatment group

Placebo Metoprolol Probability

Electrocardiographic changes (1*)
None 1-1±0-1 (332) 0-6±0-1 (315) 0-006
ST-T wave 2-0±0-3 (171) 1-5±0-2 (173) >0-2
Q wave 3-1±0-3 (154) 1-8±0-3 (164) 0-001
Signs of anterior infarction 2-5±0-3 (171) 1-7±0-2 (179) 0-013
Signs of inferior infarction 2-6±0-3 (126) 2-0+0-3 (123) 0-184

Signs of heart failure (23*)
No ausculatatory rales 1-6±0-1 (586) 1-0±0-1 (567) <0-001
Auscultatory rales 2-8±0-5 (60) 2-2±0-4 (74) >0-2

*No of patients for whom data are missing.
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FURTHER SUBGROUP ANALYSIS
Several subgroups were analysed according to age,
history, final diagnosis, and clinical findings at entry.
As can be seen in Tables 2 and 3, in all these sub-
groups except one (patients with possible infarctions),
fewer analgesic injections were given to the metop-
rolol group than to the placebo group.

Discussion

Chest pain is a major symptom in acute myocardial
infarction and is thought to reflect the severity of
ischaemia or infarct development. Apart from con-
ventional analgesics such as morphine and its equival-
ents, interventions with different drugs have been
shown to relieve pain in myocardial infarction. Mar-
tins de Oliviera et al showed in 1959 that hyaluronid-
ase given intravenously in patients with acute
myocardial infarction resulted in relief of pain and
reduction of the ST elevation. I Treatment with beta
blockers relieves pain in angina pectoris.23 It has been
suggested that improvement of the imbalance bet-
ween oxygen supply and oxygen demand would be
useful in myocardial infarction as well as in angina
pectoris. 1 2 In several pilot studies in man, the
intravenous administration of beta blockers to
patients with myocardial infarction has also caused
the relief of chest pain.4-6 Favourable metabolic
responses, such as decreased lactate production after
treatment with propranolol in patients with myocar-
dial infarction, have also been reported.13 These
effects may reflect an anti-ischaemic effect of beta
blockade in myocardial infarction. This is supported
by a reduction of the ST elevation4 and a limitation of
the enzymatically and electrocardiographically esti-
mated infarct size after early beta blockade in
myocardial infarction. 14-16

In the present study, a smaller number of analgesic
injections was given and a shorter duration of pain
was seen in patients treated with metoprolol than in
those given a placebo regardless of the delay from the
onset of pain to the start of treatment. From these
results, which are in agreement with previous studies,
it seems that if beta blockers are given to patients with
suspected acute myocardial infarction fewer problems
of chest pain will appear during the following days.

Several subgroups were analysed retrospectively,
and they indicated that some factors could be of
importance in the pain relieving effect. Patients with a
lower initial heart rate and systolic blood pressure did
not seem to react as favourably as the other patients.
Furthermore, a less pronounced effect was seen in
patients with inferior myocardial infarction than in
patients with anterior or other myocardial infarction.
These results are in agreement widi the -theory that

patients with a higher initial sympathetic tone or
without a raised parasympathetic tone will have more
substantial pain relief after beta blockade.
The methods used for evaluating chest pain could

be criticised for being inadequate. Narcotic analgesia
(morphine) was the only principle treatment for
severe chest pain in the acute phase of myocardial
infarction. Other drugs, such as intravenous glyceryl
trinitrate or intravenous nitroprusside, were not given.
A close correlation has been observed between the
patients' own scoring of pain and the amount of
analgesics given (unpublished data). Furthermore,
the doctors were not aware ofhow the patients reacted
to the blind treatment.

There are several possible explanations for the
mechanisms behind the pain relieving effect of beta
blockade in myocardial infarction. No analgesic effect
has been shown. Limitation of the infarct size might
result in pain relief. Indeed, a correlation was seen
between both the number of analgesic injections given
and the estimated duration of pain and the indirect
signs of the infarct size (to be published). An anti-
ischaemic effect, not always related to infarct limita-
tion, and a reduction of the rate-pressure product'7
are other possible mechanisms. Decreased contractil-
ity might also reduce pain because of lowered oxygen
consumption.
The number of analgesic injections given and the

estimated duration of pain are two clinical variables
that may be evaluated to obtain more information on
whether different types of interventions in acute
myocardial infarction are beneficial.

This study was supported by grants from the Swedish
Medical Research Council, the Swedish National
Association against Heart and Chest Diseases, the
Goteborg Medical Society, and AB Hassle, subsidiary
of Astra Pharmaceuticals, Sweden.
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